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(57) ABSTRACT 

A computer system operating system (OS) is booted from a 
storage media formed from a redundant array of independent 
disks (RAID). An interface adapter is connected to a system 
bus, and the interface adapter includes a nonvolatile option 
ROM memory which has RAID I/O algorithmic instructions 
recorded therein. When a basic input output system (BIOS) 
is executed during booting, a BIOS hardware detect instruc- 
tion set of the BIOS scans the system bus and caxises the 
RAID I/O algorithmic instructions to be read from the 
option ROM memory for use by a BIOS I/O instruction set, 
and the BIOS I/O instruction set uses the RAID I/O algo- 
rithmic instructions obtained from the option ROM memory 
to read the OS from the RAID storage media. 
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METHOD AND APPARATUS FOR DIRECTLY destruction of data resulting from causes not involving the 

BOOTINGARAID VOLUME AS THE failureof diskdrives.Becauseofbothperformanceenhance- 

PRIMARY OPERATING SYSTEM MEMORY ments and gains in reliability against the unintended loss of 

data, RAID media offer substantial improvements in com- 

This invention relates to computer systems and methods 5 puter systems, 

which involve data storage and memory media organized Despite the advantages of RAID storage media compared 

into a redundant array of independent disks (RAID). More '° single storage media, most computer software operating 

particularly, the present invenUon relates to a new and systems (OSs) have been written to interact with a single 

improved method and apparatus for directly booting or *'°'^se media as the primary OS memory media. This fact 

establishing ftinctionality of the computer operating system lo is primarily a histoncal artifact of the earher and more 

(OS) with a RAID storage media volume as the primary OS pnmitive OS architectures which were onginally developed 

memory, rather than a single disk or storage device, without 7"^°°^ of personal computers. However, 

requiring the use of a dedicated RAID controller. As a result computer systems 

of the RAID volume being the primary OS memory, system '° '^"'"'se contenaporary personal computers offer great 

performance is substantially enhanced by the OS having the 15 ^ompuUng capacity for relaUvely low cost, and because 

capability to directly send and receive large numbers of contemporary personal computers are being used more 

input output operations (l/Os) to the RAID volume without predominantly in high-capacity business computing 

encountering the delay and complexity of converting single »PplJcaJions, attemptmg to change the OS from the basic 

memory device I/Os into RAID 1/Os. Greater reliability is "nginal single storage media architecture would cause enor- 

also achieved by storing the OS on the RAID volume. 20 "lo'is problems of backward compatibihty for use with 

earlier versions of personal computers. Indeed, none of the 

BACKGROUND OF THE INVENTION contemporary personal computers are believed to offer the 

capability of the OS interacting directly with a RAID media 
One type of data storage and memory media which is well the primary OS memory, 
known and used in many modem computer systems is a Instead, to use RAID media with contemporary 
redundant array of independent disks (RAID). RAID media computers, it has been necessary to interpose RAID con- 
use a plurality of separate disk drives which are connected jrollers between the RAID media and the computer system 
ma group or array, rather than a single disk drive or storage to perform RAID algorithms between the conventional, 
media. RAID systems offer numerous advantages, particu- ^^^^^^ storage media I/Os generated by the conventional OS 
larly m high-performance computer systems which require t^e multiple different I/Os which are involved in com- 
high data throughput performance and high reliability municating with the multiple disk drives of the RAID 
against the accidental loss of data. ^to^age media. Sudi RAID controllers are dedicated, single 
To achieve higher data throughput, the RAID volume is purpose devices whose sole function is to perform these 
formed by distributing or striping the data across a number RAID algorithms. In addition, certain types of hardware 
of the RAID disk drives to form a data volume. A data 35 adapters have been used as RAID controllers by program- 
volume is the collection of physical storage spaces or ming the hardware adapters to perform the RAID algo- 
capacity which is reserved on a multiplicity of the RAID rithms. Because of the similarity in dedicated, sole purpose 
disk drives in which a single integral collection of data is functionality, both the dedicated RAID controllers and the 
distributed. This type of RAID volume is referred to as hardware adapters which have been programmed to perform 
"RAID 0." By distributing the data volume throughout a only the RAID algorithms are referred to herein as RAID 
number of disk drives in the array, input/output operations controllers. 

(I/Os) to multiple disk drives can be performed approxi- raID controllers hide the physical properties of the 

mately simultaneously. The time to perfonn I/Os constitutes raID volume from the OS. The OS performs I/O instruc- 

a substantial restriction in computer performance, so by tions as though a single memory media or disk drive was the 

performing the I/Os simultaneously on all of the disk drives, 45 mass storage element for the computer system. The RAID 

the time consumed for the I/Os to access and retrieve the controller prevents the OS from direcdy interacting with the 

data is substantially reduced. The performance of the com- physical properties of the RAID volume. While RAID 

puter system is substantially increased in terms of through- controller are effective, they add complexity and cost to a 

put of information. high-perfonnance computer system. The compleidty arises 

Reliability against accidental data failures is achieved in 50 because the RAID volume I/O processing is off-loaded from 

a type of RAID media known as "RAID 1." Any disk drive the OS to the RAID controller, and because of the conver- 

is susceptible to failure and a possible loss of the data and sion required between I/Os generated by a conventional, 

information recorded on it. However, in a RAID 1 single storage media OS and the I/Os delivered to and 

configuration, identical copies of the same data and in for- received from the RAID storage media. The conversions 

mation are recorded on different disk drives. The multiple 55 create additional possibilities for malfunction, failure and 

disk drives which receive the identical copies of the data are diminished performance of the computer system. The cost of 

referred to as "mirrored." The failure of one of the mirrored a dedicated RAID controller or a RAID hardware adapter 

disks does not prevent access to the data because the other increases the cost of the computer system, because the cost 

mirrored disk drive is probably functional and available for of these items is generally considerably higher than the cost 

I/Os without any significant loss of performance or down- go of more generic components use for a variety of different 

time in computer functionality. purposes in a computer system. 

RAID media may also make use of combinations of both In response to the cost and complexity of RAID 

RAID 0 and RAID 1 to achieve both high-performance and controllers, RAID emulation software programs have been 

redundancy. Such combinations are known as "RAID 0+1," written which directly interact with the conventional, single 

"RAID 1+0" or "RAID 10." Moreover, parity codes which 65 storage media I/Os generated by the OS and convert those 

allow the reconstruction of lost data are also typically used instructions into I/Os suitable for interaction with the RAID 

in RAID media as a further assurance against accidental volume. Such RAID emulation software programs are 
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effective, but they must rely on the operation of the con- system (OS) recorded in a RAID storage media in a com- 
ventiooai single storage media OS as a basis for their own puter system. A computer system has a processor, a non- 
functionality in implementing the RAID algorithms. The volatile system memory and an interface adapter connected 
conventional single storage media OS must be booted and to a bus. The interface adapter includes a nonvolatile option 
fully operative before the RAID emulation program can be 5 ROM memory and his preferably a non-RAID specific 
loaded and used. adapter such as a SCSI adapter. The interface adapter is 
These previous RAID controller and emulation tech- connected to the RAID storage media, preferably by an 
niques have made it cosdy, complex, impossible or difiEcuU adapter bus. The nonvolatile system memory stores basic 
to distribute the OS on the RAID volume and to boot the OS ^P^^ output system (BIOS) instructions including a BIOS 
from the RAID volume. Consequently, the benefits of redun- 10 ^^^^ hardware detect instruction set and a BIOS input 
dancy and reHability against accidental data loss offered by output (I/O) instruction set. The method involves recording 
RAID storage systems has not generally been available to I/O algorithmic instructions in the option ROM 
the OS. Furthermore, in order to use the previous RAID memory, executing the BIOS hardware detect instruction set 
controllers or RAID emulation software programs, it was to read the RAID I/O algorithmic instructions recorded in 
necessary to have the conventional OS operating, and opera- 15 memory, executing the BIOS I/O instruc- 
tion of the conventional OS meant that a single storage tion set utilizing the RAID I/O algorithmic instructions to 
media was die primary OS memory. Consequently, the read the OS from the RAID storage media. In this manner, 
operation of the OS with its primary OS memory as a single ^^1^ I/O algorithmic instructions are directiy loaded for 
storage media could not be interrupted to replace the pri- ^^e in subsequent OS I/O operations, without the need for 
mary OS memory with a RAID volume. It was impossible 20 controllers. Moreover, the RAID storage media 
to direcdy boot an OS using a RAID volume as the primary becomes the primary OS storage media, and the OS may be 
OS storage media without using a hardware-based RAID loaded from the RAID storage media as a part of the boot 
subsystem, because the conventional OS had to be running process. 

in order to load such software, but once the conventional Other preferable aspects of the present invention involve 

single storage media OS was loaded and operative, it was 25 recording the OS on a plurality of independent storage 

impossible to replace its single storage media OS function- devices which are configured in a RAID 1, RAID 0 or a 

ality. This dilemma has therefore previously resulted in no RAID 10 storage media configuration. By recording the OS 

known OS for a contemporary personal computer which on multiple disks of a RAID storage media configuration, it 

boots from and utilizes a RAID volume as the primary OS is possible to take advantage of the redundancy and higher 

memory. 30 I/O bandwidth for purposes of data reliabitity and speed of 

These and other background considerations have led to booting for the OS. In addition, it is possible to replace or 

and resulted in the present invention. supersede the RAID I/O algorithmic instructions with 

ox * i r ^r. r^^^ rv rx rr. V ^ r rcplaccment RAID driver I/O algorithmic instructions which 

SUMMARY OF THE INVENTION recorded in the RAID storage media as a part of booting 

One feature of the present invention is the abiUty to 35 the OS and thereafter using the replacement RAID driver 

directly load and utilize a RAID volume as the primary I/O algorithmic instructions in executing OS I/O operations, 

operating system (OS) media in a computer system not Such replacement RAID driver I/O algorithmic instructions 

having a dedicated RAID controller. This aspect of the may include more extensive RAID error handling instruc- 

invention comes about as a result of accessing and using tions than the initial RAID I/O algorithmic instructions 

RAID algorithmic instructions obtained from an option 40 recorded in the option ROM memory. Preferably and in 

ROM memory of an adapter interface (preferably a non- addition to the RAID I/O algorithmic instructions, the option 

RAID specific adapter interface, such as a small computer ROM memory also includes a BIOS I/O service instruction 

standard interface (SCSI) adapter) connected to the com- set which allows the BIOS I/O instruction set to use the 

puter system, during an initial power up stage of the com- RAID I/O algorithmic instructions, hardware instructions 

puter system. The RAID algorithmic instructions read from 45 which allow the RAID I/O algorithmic instructions to inter- 

the option ROM memory bootstrap or boot additional RAID act with the interface adapter to perform I/O operations to 

algorithmic instructions read from the RAID storage media the RAID storage media, initialization code which when 

to make tiie RAID volume the primary OS storage media. As executed initializes the interface adapter and validates an 

a result, the performance of the computer system is greatly operative status of the storage devices. Thereafter the ini- 

enhanced by the ability of the OS to issue and receive 50 tialization code is deleted from the system memory after the 

multiple input/output operations (I/Os) directiy with respect interface adapter has been initialized and the operative status 

to the RAID volimie without the necessity for conversion of of the storage devices has been vatidated. 

single storage media I/Os into RAID I/Os by a RAID The present invention also relates to a method of directly 

controller. establishing and executing OS I/O instructions with a RAID 

Another feature of the invention relates to the capability 55 storage media in an OS of a computer system which includes 

of directly loading or booting a RAID-media-based OS a nonvolatile memory and a BIOS recorded in the nonvola- 

which has previously been recorded on and distributed over tile memory. The method includes recording RAID I/O 

the disk drives or storage media of a RAID volume, without algorithmic instructions in the nonvolatile memory for use 

first booting or loading the OS to recognize a single storage by the OS in performing OS I/O operations on the RAID 

media as the primary OS storage media. This aspect of the 60 storage media, reading the RAID I/O algorithmic instruc- 

invention allows the RAID-based OS to be distributed over tions from the nonvolatile memory for use by the OS while 

the RAID storage media in a high-performance computer executing the BIOS during booting, and using the RAID I/O 

system. As a result, the computer system achieves relatively algorithmic instmctions at least initially to execute OS I/O 

high reliability against accidental failure or data loss of the operations after the OS has booted. 

65 Further, the present invention relates to improvements in 

In accordance with these features, one aspect of the a computer system having a processor, a nonvolatile system 

present invention relates to a method of booting an operating memory and an interface adapter which are all connected to 
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a system bus. The computer system further includes a 
plurahty of independent storage devices in a RAID configu- 
ration connected to the interface adapter, and the interface 
adapter includes a nonvolatile option ROM memory. The 
system memory contains code defining a BIOS having a S 
BIOS bus scan or hardware detect instruction set and a BIOS 
I/O instruction set. The OS is recorded in a RAID configu- 
ration on the RAID storage media. RAID I/O algorithmic 
instructions are recorded in the option ROM memory in a 
configuration which causes the BIOS hardware detect lO 
instruction set to read the RAID I/O algorithmic instructions 
from the option ROM memory and record the RAID I/O 
algorithmic instructions in the system memory. The RAID 
I/O algorithmic instructions execute in conjunction with the 
BIOS I/O instruction set to read the OS recorded on the 15 
RAID storage media during booting of the OS. 

A more complete appreciation of the numerous features, 
aspects and improvements of the present invention, as well 
as the scope of the present invention and the manner in 
which it achieves the above noted improvements, can be 
obtained by reference to the following detailed description 
of a presently preferred embodiment of the invention taken 
in connection with the accompanying drawings, which are 
briefly summarized below, and the appended claims. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a generalized block diagram of a computer 
system utilizing a RAID volume as the primary operating 
system (OS) storage media, within which the present inven- 
tion is incorporated. 

FIG. 2 is a diagrammatic representation of the organiza- 
tion of the RAID volume of the computer system shown in 
FIG. 1 into a RAID 0 configuration. 

KG. 3 is a diagrammatic representation of the organiza- 35 
tion of the RAID volume of the computer system shown in 
FIG. 1 into a RAID 1 configuration. 

FIG. 4 is a diagrammatic representation of the organiza- 
tion of the RAID volume of the computer system shown in 
FIG. 1 into a RAID 0+1, 1+0 or 10 configuration. 40 

FIG. 5 is a diagrammatic representation of the code 
incorporated in an option read-only memory (ROM) of an 
adapter of the computer system shown in FIG. 1. 

FIG. 6 is a flowchart of the steps involved in booting an 
operating system of the computer system shown in FIG. 1, 
in accordance with the present invention. 

DETAILED DESCRIPTION 

One example of a computer system 20 which incorporates 50 
the present invention in shown in FIG. 1, The computer 
system 20 includes one or more conventional central pro- 
cessing units (CPUs) or processors 22 which are connected 
to a conventional system bus 24, such as a conventional 
peripheral component interconnect (PCI) bus. Also con- 55 
necled to the system bus 24 are a conventional random 
access memory (RAM) 26 and a conventional read-only 
memory (ROM) 28. The operating code defining the basic 
input output system (BIOS) for the computer system 20 is 
recorded in a nonvolatile state in the ROM 28 for use by the 
computer system 20. Other conventional computer devices, 
such as input/output (I/O) devices, keyboards, pointers, 
printers, monitors, modems, network adapters, and the like 
(none of which are specifically shown), are also typically 
connected to the system bus 24. ^5 

Data storage or the devices 30, 32, 34, 36, 38 and 40, for 
example, form a mass data storage media 42 for storing and 



,165 Bl 

6 

allowing access to the operating system (OS) code, appH- 
cation programs, user data, and other information. An inter- 
face adapter 44 connects the storage devices 30, 32, 34, 36, 
38 and 40 to the system bus 24. The storage devices 30, 32, 
34, 36, 38 and 40 are connected to an adapter bus 46, and the 
adapter bus is connected to the interface adapter 44. The 
interface adapter 44 preferably takes the form of a conven- 
tional small computer standard interface (SCSI) adapter, 
although other types of non RAID-specific adapters which 
have an option ROM memory may be used with the present 
invention. The adapter biis 46 preferably takes the form of 
a conventional SCSI bus, although other types of adapter 
buses may be used with the present invention. 

As is typical, signals are communicated back and forth 
between the components 22, 26, 28 and 44 over the system 
bus 24, and the interface adapter 44 communicates signals 
back and forth over the adapter bus 46 between the storage 
media components 30, 32, 34, 36 and 38 to achieve func- 
tion aUty of the computer system 20. 

Some of the devices of the mass storage media 42 form a 
conventional RAID storage system or volume 48. The RAID 
volume 48 is fonned by a group or an array of a plurality of 
the conventional, independent disk drives 30, 32, 34 and 36. 
The interface adapter 44 interacts with and controls the disk 
drives 30, 32, 34 and 36 in addition to performing its other 
typical adapter interfacing functions. Consequently, the 
RAID volume 48 is defined by the disk drives 30, 32, 34 and 
36 and the interface adapter functionality of the interface 
adapter 44. More or less disk drives than those shown at 30, 
32, 34 and 36 may be utilized in the RAID volume 48 in 
accordance with the present invention. 

In addition, the mass storage media 42 for the computer 
system 20 may also include other storage devices, such as a 
compact disc (CD) media 38 or tape media 40, for example. 
The other storage devices 38 and 40 are not part of the RAID 
volume 48. The interface adapter 44 also interacts with the 
CD media 38 and tape media 40 to control their operation in 
a conventional manner, the as well as interacting with the 
RAID volume 48. 

It is typical that basic-function interface adapters 44, such 
as SCSI adapters, include an option ROM memory 50, 
which contains enough computer software code or instruc- 
tions to load a larger set of operational code or instructions 
which cause the adapter 44 to perform its functions. 
Although not shown, it is also typical for the adapter 44 to 
include its own processor. The operational code or instruc- 
tions from the option ROM memory 50 is also delivered to 
the computer system RAM 26 to interact with the computer 
system BIOS and allow the computer system BIOS to 
interact with the interface adapter 44 in performing I/Os to 
the devices connected to the interface adopter 44. The use of 
an option ROM in an interface adapter is conventional. 
However a nonconventional aspect of the present invention 
is that the option ROM memory 50 includes operational 
instructions and code 51 (FIG. 5) which allows the computer 
system OS to be loaded or booted from the RAID volume 48 
and allows the RAID volume 48 to be the primary OS 
storage media, as is discussed in greater detail below. 

The RAID volume 48 may be organized into any of the 
conventional RAID configurations. For example, the RAID 
volume 48 may be organized into a RAID 0 configuration 52 
shown in FIG. 2. As shown in FIG. 2, the disk drives 30, 32, 
34 and 36 form a four column striped RAID volume 48. Data 
is stored on each disk drive in groups of blocks known as a 
stripe. The number of blocks in the stripe is called the stripe 
size. The frequently used stripe size is 128 blocks, and each 
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block is typically 512 bytes in size (the standard sector size), 
resulting in each stripe being 64 KB in size. FIG. 2 also 
illustrates an exemplary assignment of stripe reference num- 
bers. Data is distributed into the stripes on all four of the disk 
drives 30, 32, 34 and 36. To obtain the entire data for a file, 5 
for example, it may be necessary to perform I/Os to each of 
the four disk drives 30, 32, 34 and 36, since stripes on each 
of these four disk drives may contain part of the data for that 
particular file. 

An exemplary RAID 1 configuration 54 formed by some 
of the disk drives 30 and 32 of the data volume 48 is shown 
in FIG. 3. In the situation shown in FIG. 3, the disk drive 32 
is a mirror of the disk drive 30, in the sense that an exact 
same copy of the data stored on disk drive 30 is stored on 
disk drive 32. The same I/Os are performed to both of the 
disk drives 30 and 32 in order to maintain the mirrored 
relationship of the data. The other ones of the disk drives 34 
and 36, for example, of the RAID volume 48 (FIG. 1), may 
also be mirrored. 

An exemplary RAID 0+1, 1+0 or 10 configuration 56 is 
formed by the disk drives 30, 32, 34 and 36 and is shown in 
FIG. 4. This configuration 56 combines both of the features 
from the RAID 0 configuration 52 (FIG. 2) and the RAID 1 
configuration 54 (FIG. 3). As shown in the RAID 10 
configuration 56, disk drives 30 and 32 are striped in the 
manner of the RAID 0 configuration, and are organized into 25 
a group 58. Similarly, disk drives 34 and 36 are striped in the 
manner of the RAID 0 configuration, and they arc organized 
into a separate group 60. The two groups 58 and 60 of the 
striped disk drives are mirrored, so that each group 58 and 
60 contains an exact duplicate or mirror image of the data 3Q 
contained in the other group. I/Os are performed to each of 
the disk drives 30, 32, 34 and 36 of the RAID configuration 
56, but the I/Os are organized so that the striped configu- 
ration of the groups 58 and 60 is maintained, and the 
duplication of the data between the groups 58 and 60 is also 3^ 
maintained. 

In the case of the three RAID configurations 52, 54 and 
56 shown in FIGS. 2, 3 and 4 respectively, RAID processing 
software is utilized to direct the I/Os to the appropriate disk 
drives in accordance with the type of RAID configuration, 40 
and to retrieve the data and information and combine it for 
use by the computer system 20 (FIG. 1). The RAID pro- 
cessing software is recorded on the mass storage media 42, 
preferably on the disk drives of the RAID volume 48, and is 
read into the computer system RAM 26 and used when the 45 
computer system 20 (FIG, 1) is fully functional. The present 
invention allows the RAID volume 48 to become the pri- 
mary OS storage media of the computer system 20, and 
allows the RAID processing software to become the primary 
OS functionality for performing I/Os to the RAID volume 50 
48 (FIG. 1). 

In order to establish the RAID volume 48 and the RAID 
processing software as the basis for the operating system 
(OS) primary I/O functionality in the computer system 20 
(FIG. 1), the OS must be booted or loaded to recognize the 55 
RAID volume 48 (FIG. 1) as the primary OS storage media, 
and to use RAID I/O algorithmic instructions from the 
RAID processing software to perform I/Os directly with the 
RAID volume 48. The present invention achieves such 
functionality from operational instructions or code con- 60 
tained in the option ROM memory 50 located in the interface 
adapter 44, as shown in FIG. 1, and from the booting or boot 
strapping process in which the RAID I/O algorithmic 
instructions are built up as part of the OS of the computer 
system 20. 65 

All conventional computers of the personal-computer 
type execute a boot or bootstrap process which generally 
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causes the OS to build up from some simple preliminary 
instructions or code until it reaches its fully operative 
configuration. The boot program is relatively short and is 
held in ROM or other nonvolatile memory. The function of 
the boot program is to load another larger program having 
more code or instructions than the original boot program. 
The instructions of the longer program thereafter load 
another even longer program with even more instructions, 
and the process continues until the entire OS is loaded and 
the computer system becomes functional. 

The system BIOS (recorded in the ROM 28, FIG. 1) 
initiates the boot process by calling a conventional software 
intermpt code I9h service of the BIOS. Interrupt 19h is 
hereafter referred to as "interrupt 19." Interrupt 19 service 
uses another conventional BIOS interrupt code 13/i service 
which is used to load the beginning boot information from 
a known sector on a selected disk drive. Interrupt 13h is 
hereafter referred to as "interrupt 13." 

In general, the boot process involves a scan of the 
interface adapter devices connected to the system bus 24 
(FIG. 1). The system BIOS has provisions to read and load 
code from the option ROM memory of each of the interface 
adapters connected to the system bus, if an option ROM is 
present in such adapters. As part of a scan of the adapters, 
the code from the option ROM memory is transferred to the 
system RAM for interaction with the system BIOS. It is at 
this time that the code from the option ROM memory 50 of 
the interface adapter 44 (FIG. 1) is read and transferred into 
the system RAM 26 (FIG. 1). The size of the code which 
may be handled by the system BIOS from the option ROM 
memory is limited, typically to approximately 64 kilobytes 
(KB) of code. This limitation is significant because the 
Hmited amount code must contain all the operational instruc- 
tions necessary to control the functionality of the interface 
adapter device. In addition with respect to the present 
invention, the code from the option ROM memory 50 must 
also contain the RAID I/O algorithmic instructions to allow 
the RAID volume 48 to be accessed as a part of the boot 
process. The option ROM memory 50 of the present inven- 
tion includes the code 51 (FIG. 5) which modifies the typical 
interrupt 13 service code to cause the computer system OS 
to be loaded or booted from the RAID volume 48, to cause 
the RAID volume 48 to be the primary OS storage media, 
and to invoke the RAID I/O algorithmic instructions of the 
RAID processing software for use by the OS. 

The code 51 contained in the option ROM memory 50 is 
categorized as shown in FIG. 5. The primary components of 
the code 51 of the option ROM memory are an initialization 
code 62 and a run-time code 64. In its preferred form, the 
initialization code 62 and the run-time code 64 are approxi- 
mately 64 KBs in length, in total. 

The initialization code 62 is responsible for initializing 
the functionality of the interface adapter 44 (FIG. 1), making 
the interface adapter 44 functional. The initialization code 
62 is also responsible for setting up any "hooks" (data 
structures) used by the computer system BIOS to commu- 
nicate information conceming the interface adapter. After 
the initialization code 62 of the option ROM code 51 has 
been executed, it is no longer xised and the initialization code 
62 is deleted from the system RAM after the interface 
adapter 44 has been initialized by executing the initialization 
code 62. In general, the initialization code 62 of the option 
ROM code 51 is conventional. 

The run-time code 64 obtained from the option ROM 
code 51 remains in the system RAM 26 (FIG. 1) after the 
initialization code 62 has been deleted, and in its preferred 
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form is approximately 16 KBs in length. Within the run-time 
code 64 there is interrupt 13 service code 66 to manage and 
execute interrupt 13 service calls from the system BIOS. 
After beginning the booting or loading process, the interrupt 
13 service may be replaced or superseded by other, more 5 
extensive loading or booting code. Id the case of a Windows 
(NT or 2000) OS, booting from the run-time code 64 
ultimately results in replacing that nm-tirae code with Win- 
dows drivers which thereafter take over the functionality for 
I/O services and complete the boot process. In the case of 
other system OSs, such as disk operating system (DOS), it 
is necessary to retain at least portions of the run-time code 
64 (e.g. interrupt 13 service code 66) in order to perform 
system I/Os, because such other types of system OSs do not 
include their own drivers which assume responsibility for 
the system I/Os, but instead rely on the interrupt 13 service 
for doing so. 

All I/Os are directed through an interrupt 13 service code 
66, which is responsible for getting the I/O requests from the 
system OS or the ROM during phases of the booting 
process, or continually thereafter during the operation of the 20 
computer system if its OS does not include drivers which 
replace the booted interrupt 13 service. If an I/O is executed 
from an interrupt 13 service call, it will be processed through 
the interrupt 13 service code 66. The ultimate function of the 
interrupt 13 service is to satisfy the I/Os. 25 

A subpart of the interrupt 13 service code 66 is code 68 
that is specific to controlling the operation of the interface 
adapter device. The interrupt 13 service code 66 interacts 
with the device control code 68, and the device control code 
68 controls the operation of the interface adapter. The device 3Q 
control code 68 also directs I/Os to the disk drives 30, 32, 34 
and 36, and the other devices 38 and 40 connected to the 
adapter bus 46 (FIG. 1). The interrupt 13 service code 66 
will also call into the device control code 68 to transfer the 
I/Os to the non-RAID devices 38 and 40 (FIG. 1) of the mass 35 
storage media. 

In the case of RAID -directed I/Os, the I/O will be diverted 
to basic RAID I/O algorithmic instructions or code 70 which 
is also a part of the run-time code 64. The RAID algorithmic 
code 70 is conventional, and in its basic form with error 40 
handling code removed, consume relatively few instruc- 
tions. These minimal amount of RAID I/O algorithmic 
instructions are loaded directly from the option ROM 
memory 50 into the system RAM 26 (FIG. 1) for use by the 
system BIOS during booting and operation of the OS. 45 

In general, the RAID I/O algorithmic instructions or code 
70 determine the identity of the RAID device or devices (30, 
32, 34 and 36, FIG. 1) to which the I/O is directed, including 
specific stripes located on multiple RAID devices. An inter- 
rupt 13 handle is created for RAID volume 48, and that 50 
RAID volume handle does not correspond to any specific 
device 30, 32, 34 or 36 (FIG. 1). Instead, the RAID volume 
handle corresponds to a number of these devices. The RAID 
I/O algorithmic instructions 70 are responsible for managing 
the software constmct of the RAID volume handle and its 55 
relationship to the number of individual devices, as well as 
directing the device control code 68 to issue the appropriate 
I/Os to the appropriate devices as determined by the RAID 
I/O algorithmic instructions 70. The RAID I/O algorithmic 
instructions also break down a single I/O into multiple I/Os, 60 
in the case of a striped volume. Once this processing under 
the RAID algorithm 70 has occurred, the RAID I/O algo- 
rithmic instructions interact with the device control code 68 
(both of which are recorded in system RAM 26) to satisfy 
the RAID-based I/O requests. 65 

More details concerning the boot process of the present 
invention, which makes use of the code 51 (FIG. 5) of the 



option ROM memory 50 (FIG. 1), are understood from a 
process flow 72 shown in FIG. 6. In connection with the 
following description of FIG. 6, the non-process flow 
aspects of the computer system 20 are shown by the refer- 
ence numbers in FIGS. 1, 4 and 5, unless otherwise specifi- 
cally mentioned. 

The boot process flow 72 begins at step 74, where the 
computer system 20 is powered up. The processor 22 starts 
at a certain location in the ROM 28, which is part of the 
system BIOS. The ROM 28 contains code which initiates the 
boot process. 

As shown at step 76, the system BIOS is called and 
initialized. The system BIOS is responsible for managing all 
of the system hardware. In the case of a PCI bus being the 
system bus 24, the system BIOS is responsible for discov- 
ering all of the devices connected to the system bus, includ- 
ing the interface adapter 44. 

A conventional power on self test commences, as shown 
at step 78. The system BIOS performs a scan to locate and 
identify aU of the devices and interface adapters connected 
to the system bus 24. In addition to identifying all of the 
devices and interface adapters connected to the system bus, 
the system BIOS determines whether any of the interface 
adapters connected to the system bus have their own ROM 
which is typically referred to as the option ROM memory. 

For each of the interface adapters connected to the system 
bus that have option ROMs, the system BIOS initializes 
those option ROM memories, as shown at step 80. In the 
case shown in FIG. 1, the option ROM memory 50 of the 
interface adapter 44 is initialized by the system BIOS. 
Initializing the option ROM memory 50 occurs by making 
a call to access the option ROM memory and to load the 
option ROM code 51 from the option ROM memory 50 into 
the system RAM 26. The option ROM code 51 is transfened 
to the RAM 26 in a location which is reserved for option 
ROM code. This option ROM code is then used to as part of 
the system BIOS, in accordance with the present invention. 
In the case of a DOS OS, some of the option ROM code will 
become a permanent part of the OS because the DOS OS 
does not have drivers which replace the option ROM code 
for I/O functionality. In the case of a Windows (NT or 2000) 
OS, the option ROM code for the interface adapter 44 is used 
only during the boot process because the last phases of the 
boot process of the Windows OS result in replacing the 
interrupt 13 service code with Windows-specific driver code 
which accomplishes the I/O functionality. The option ROM 
code identifies it as having interrupt 13 service functionality. 

Next as shown at step 82, the initialization code 62 which 
has been read from the option ROM memory is invoked and 
mn. The initialization code 62 is executed from its location 
recorded in the system RAM 26. The initialization code 62 
is responsible for initializing the functionality of the inter- 
face adapter 44. Running the initialization code also sets up 
any "hooks" or other data structures necessary for commu- 
nicating signals between the system BIOS and the interface 
adapter 44. 

Thereafter, as shown at step 84, the interface adapter 44 
is initialized and made functional as a result of running the 
initialization code 62 of the option ROM memory at step 82. 

The adapter bus 46 is thereafter scanned, as shown at step 
86, and the physical and logical devices connected to the 
adapter bus 46 are located and identified. All of the RAID 
disk drives 30, 32, 34 and 36 which participate in the RAID 
volume 48 are identified as one logical device. The queries 
performed at step 86 allow the RAID volume formed by the 
disk drives 30, 32, 34 and 36 to be presented to the system 
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BIOS as if they were a single physical device. The queries The existence of the RAID volume 48 is hidden, because the 

at step 86 also determine which storage devices are not part RAID I/O algorithmic instructions have been embedded in 

of a RAID system but are some other logical device. These the option ROM memory which is executed by the interrupt 

non-RAID devices arc presented to and recognized by the 13 service. 

system BIOS as individual devices. 5 Next, the interrupt 13 service invokes the RAID algorithm 

The steps 74, 76, 78, 80, 82, 84 and 86 of the process flow code 70 which causes RAID processing, as shown at step 

72 shown in FIG. 5 are well-known and conventional. The 102. The RAID structures in the system RAM 26 arc 

new and improved aspects of the present invention begin at accessed to describe the RAID volume and to perform the 

step 88 and involve certain subsequent steps in the process processing for handling I/Os from the system BIOS. The 
flow 72. 10 RAID processing available from the RAID I/O algorithmic 

As part of identifying the RAID devices at step 86, several instructions determines how the I/Os should be split up and 

I/Os are communicated to the storage devices 30, 32, 34, and distributed to those devices which form the RAID logical 

36, as shown at step 88. These I/Os cause the storage devices device and RAID volume. 

to respond with information that identifies them as part of The I/Os are delivered to the disk drives 30, 32, 34 and 36 

the RAID volume 48. The responses to these I/Os are of the RAID volume 48, as shown at step 104. The OS code, 

returned to the system RAM 26 where they are processed to which is distributed on the disk drives, is read and delivered 

assure the RAID volume 48 is valid and functional. to the system RAM 26 in a conventional manner, as shown 

At step 90, the validation of the RAID volume at step 88 at step 106. This process is repealed until all of the code 

confirms that the RAID volume 48 is capable of booting the defining the OS has been communicated to the system RAM 

OS from it. Some portion of the sectors and stripes available 26. At the conclusion of step 106, the system OS code is 

on each disk drive 30, 32, 34 and 36 of the RAID volume 48 resident in the system RAM 26 and is available to be used 

contain the bootable OS code. Preferably the OS is spread for the further operation of the computer system, 

somewhat evenly across all of the disks which make up a in some OSs, the interrupt 13 service code at step 100 is 

RAID 1 or 10 volume. In die case of RAID 1, where each replaced or superseded by other drivers, and the other driver 

individual device is mirrored and there is no striping, the OS takes over the I/O services during the remainder of the boot 

would be located on each of the mirrored disks. process. These other drivers take over from the interrupt 13 

Next as shown at step 92, the RAID I/O algorithmic service when enough of the OS has booted to load the 

instructions 70 of the option ROM memory creates a single replacement drivers and make them functional. At that time, 

"handle" for those devices which constitute the RAID the system BIOS interrupt 13 service are no longer needed 

volume 48. The handle for a RAID volume is typically aU of because the replacement drivers take over accessing the 

the data structures within the system RAM 26 necessary to RAID volume and loading the additional code. The replace - 

describe and interact with the RAID volume 48. The other ment I/O drivers obtain information about the RAID volume 

non-RAID devices are given their own handles. These which has previously been recorded in the system RAM 46, 

handles are available for use by the interrupt 13 service. in order to take over control of the I/Os. In the case of 

Those storage devices (i.e., disks 30, 32, 34 and 36) which Windows (NT or 2000), the replacement of the interrupt 13 

are part of the RAID system are hidden so that they cannot service with other I/O drivers occurs fairly early in the boot 

be recognized individually by the system BIOS, but instead process. In Windows, a miniport driver assumes responsi- 

can be recognized only in conjunction with the handle bility for interaction with and control over the hardware 

assigned to the RAID volume 48. aspects of the interface adapter 44. The drivers may also 

The initialization phase of the boot process 72 is remain in place to perform the I/Os during normal system 

terminated, and the initiahzation code 62 of the option ROM operation. 

memory is deleted from the system RAM 26 as shown at In the case of DOS or DOS-like OSs, there are usually no 

conventional step 94. With respect to the full option ROM replacement I/O drivers to take over for the interrupt 13 
code 51 which was initially read from the option ROM 45 service. Instead, the interrupt 13 service remain fimctional 

memory 50, only the run-time code 64 and the data struc- during use of the computer system after the boot phase has 

tures remain resident in the system RAM 26, although other been completed in order to perform routine I/Os. 

code may also be present in the system RAM 26. These data ^ ^ apparent from the previous description, the present 

structures have the information which identifies the devices invention makes it possible to boot a computer system OS 
which are part of the RAID volume and information which 50 ^g^ng a RAID volume as the primary OS storage media and 

describes the configuration of those devices. This informa- ^^y^^ ^^^^ ^y^tem OS the capabflity of communicating I/Os 

tion is stored in system RAM as part of the run-time directly with the RAID volume. Moreover, by utilizing 

information. I/O algorithmic instmctions in the option ROM 

Next, as shown at step 96, the system BIOS enters the memory of a conventional interface adapter during booting, 
boot phase of its operation and issues a conventional inter- ss a conventional interface adapter can perform the functions 

rupt 19 service call which then calls the conventional of a RAID controller, while still providing the conventional 

intermpt 13 service. As a result, the process flow 72 moves functionality to interact with other non-RAID storage 

on to the conventional run-time phase of the boot process as devices connected to it on the adapter bus. Consequently, the 

shown at step 98. In conjunction with step 98, the nm-time need for complex RAID controllers is avoided, resulting in 
code 64 of the option ROM memory is executed from the 60 a less costly but equally effective high-performance com- 

system RAM 26. puter system. The technique of embedding sufficient RAID 

The conventional interrupt 13 service is then invoked to I/O algorithmic instructions, device control instmctions and 

commence booting the RAID volume 48, as shown at step interrupt 13 service code into an option ROM memory of an 

100. The intermpt 13 service executes without any knowl- interface adapter allows the OS to be booted directly from 
edge of the existence of the RAID volume 48. As far as the 65 RAID media and allows the OS to communicate I/Os 

system BIOS is concerned, it believes that it is booting a directly to the RAID volumes. The standard device detect 

conventional single physical disk or single storage media. capability of the system BIOS to scan the devices connected 
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to the system bus of the computer system allows the code of 
the option ROM memory to be invoked and executed to load 
the OS and allows the OS to become directly interactive with 
the RAID volume. Added protection is available against the 
accidental loss or destruction of the OS code, because the 5 
OS may be recorded in the RAID volume. A RAID volume 
provides added protection against accidental data loss and 
destruction. Many other advantages and improvements will 
be apparent after comprehending the ramifications of the 
present invention. lo 

A presently preferred embodiment of the invention and its 
improvements have been described with a degree of par- 
ticularity. This description has been made by way of pre- 
ferred example. It should be understood that the scope of the 
present invention is defined by the following claims, and the ^5 
claims should not be unnecessarily limited by the detailed 
description of the preferred embodiment set forth above. 

The invention claimed is: 

1. A method of booting an operating system (OS) recorded 
in a redundant array of independent disks (RAID) storage 
media in a computer system having a processor, a nonvola- 
tile system memory and an interface adapter connected to a 
bus, the interface adapter including a nonvolatile option 
ROM memory, the interface adapter connected to the RAID 
storage media, the nonvolatile system memory storing basic 25 
input output system (BIOS) instructions including a BIOS 
hardware detect instruction set and a BIOS input output 
(I/O) instruction set, the method comprising the steps of: 

recording RAID I/O algorithmic instructions in the option 

ROM memory; 
executing the BIOS hardware detect instruction set to read 

the RAID I/O algorithmic instructions recorded in the 

option ROM memory; and 
executing the BIOS I/O instruction set utilizing the RAID 35 

I/O algorithmic instructions read from the option ROM 

memory to read the OS from the RAID storage media. 

2. A method as defined in claim 1 further comprising the 
steps of: 

recording the RAID I/O algorithmic instmctions in the 40 
system memory after reading the RAID I/O algorithmic 
instructions from the option ROM memory; and 

using the RAID I/O algorithmic instructions from the 
system memory in executing the BIOS I/O instructions. 

3. A method as defined in claim 1 further comprising the 45 
step of: 

using the RAID storage media as the primary OS storage 
media after booting the OS. 

4. A method as defined in claim 3 further comprising the 
step of: 50 

using the RAID I/O algorithmic instructions in executing 
primary OS I/O operations after booting the OS. 

5. A method as defined in claim 3 further comprising the 
steps of: 

recording replacement RAID driver I/O algorithmic 

instructions in the RAID storage media; 
replacing the RAID I/O algorithmic instructions with the 

replacement RAID driver I/O algorithmic instructions 

read from the RAID storage media after booting the 

OS; and 

utiliziag the replacement RAID driver I/O algorithmic 
instructions in executing OS I/O operations. . 

6. A method as defined in claim 5 further comprising the 
steps of: 65 

including RAID error handling instructions in the replace- 
ment RAID driver I/O algorithmic instructions; and 
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utilizing the RAID error handling instructions obtained 
from the replacement RAID driver I/O algorithmic 
instructions in executing OS I/O operations. 

7. A method as defined in claim 1 further comprising the 
steps of: 

forming the RAID storage media from a plurality of 
independent storage devices connected to the interface 
adapter; 

connecting at least one other storage device to the inter- 
face adapter; 

communicating I/O operations through the interface 
adapter to the RAID storage media; and 

communicating I/O operations through the interface 
adapter to the other storage device. 

8. A method as defined in claim 1 further comprising the 
steps of: 

recording RAID error handling instructions in the RAID 

storage media; 
reading the RAID error handling instructions from the 

RAID storage media after booting the OS; and 
utihzing the RAID error handling instructions obtained 

from the RAID storage media in executing OS 1/0 

operations after booting the OS. 

9. A method as defined in claim 1 further comprising the 
steps of: 

fonming the RAID storage media from a pliuality of 
independent storage devices connected to the interface 
adapter; 

logically configuring two of the storage devices in a 
RAID 1 configuration wherein one of the two storage 
devices is recorded with a duplicate of the information 
recorded in the other one of the two storage devices; 
and 

recording the OS on both of the two storage devices in the 
RAID 1 configuration. 

10. A method as defined in claim 1 further comprising the 
steps of: 

forming the RAID storage media from a plurality of 
independent storage devices connected to the interface 
adapter; 

logically configuring the plurality of storage devices in a 
RAID 0 configuration with at least one stripe for 
containing data; and 

recording the OS in at least one stripe of the storage 
devices in the RAID 0 configuration. 

11. A method as defined in claim 1 further comprising the 
steps of: 

forming the RAID storage media from a plurality of 
independent storage devices connected to the interface 
adapter; 

logically configuring the plurality of storage devices in a 
RAID 10 configuration wherein a first group of the 
storage devices are recorded with a duplicate of the 
information recorded in a second group of storage 
devices, and wherein each of the first and second 
groups of storage devices are recorded with stripes for 
containing data; 

recording the OS in at least one stripe in the first group of 
storage devices; and 

recording a duplicate copy of the OS in at least one stripe 
of the second group of storage devices. 

12. A method as defined in claim 1 further comprising the 
step of: 

recording in the option ROM memory, in addition to the 
RAID I/O algorithmic instructions, BIOS I/O instruc- 
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tion service code which allows the BIOS I/O instruc- 
tion set to use the RAID I/O algorithmic instructions. 

13. A method as defined in claim 12 further comprising 
the step of: 

recording in the option ROM memory, device control ^ 
instructions which allow the RAID I/O algorithmic 
instructions to interact with the interface adapter to 
perform I/O operations to the RAID storage media. 

14. A method as defined in claim 13 further comprising 
the step of: 10 

forming the RAID storage media from a plurality of 
independent storage devices connected to the interface 
adapter; 

recording in the option ROM memory, initialization code 
which initializes the interface adapter when executed 
and which validates an operative status of the storage 
devices; 

recording the initialization code in the system memory 
after reading the initialization code from the option 20 
ROM memory; 

executing the initialization code from the system memory 
to initialize the interface adapter and to validate the 
operative status of the storage devices; and 

deleting the initialization code from the system memory 
after the interface adapter has been initialized and the 
operative status of the storage devices has been vali- 
dated. 

15. A method of directly establishing and executing 
operating system (OS) input/output (I/O) instructions with a 30 
redundant array of independent disks (RAID) storage media 

in an OS of a computer system which also includes a 
nonvolatile memory and a basic input output system (BIOS) 
recorded in the noiivolatile memory, comprising the steps of: 
recording in the nonvolatile memory, RAID I/O algorith- 
mic instructions for use by the OS in performing OS 
I/O operations on the RAID storage media; 

reading the RAID I/O algorithmic instructions from the 
nonvolatile memory when booting the OS while 
executing the BIOS during booting; and 

using the RAID I/O algorithmic instructions to execute 
OS I/O operations after the OS has booted. 

16. A method as defined in claim 15 further comprising 
the steps of: 45 

recording replacement RAID driver I/O algorithmic 

instructions in the RAID storage media; 
replacing the RAID I/O algorithmic instructions with the 

replacement RAID driver I/O algorithmic instructions 

after booting the OS; and 50 
utilizing the replacement RAID driver I/O algorithmic 

instructions in executing OS I/O operations. 

17. A method as defined in claim 16 further comprising 
the steps of: 

recording the OS in the RAID storage media; and 
reading the OS from the RAID storage media using the 
RAID I/O algorithmic instructions in I/O operations 
originated by the BIOS during booting of the OS. 

18. A method as defined in claim 17 further comprising 
the step of: 

forming the RAID storage media from a plurality of 

independent storage devices; and 
recording the OS in at least one stripe across multiple 

storage devices of the RAID storage media. 65 

19. A method as defined in claim 17 further comprising 
the step of: 
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forming the RAID storage media from a plurality of 

independent storage devices; and 
recording a redundant copy of the OS on each of two 

storage devices of the RAID storage media. 

20. A method as defined in claim 17 further comprising 
the step of: 

forming the RAID storage media from a plurality of 

independent storage devices; 
recording a first copy of the OS in at least one stripe across 

a first group of multiple storage devices of the RAID 

storage media; and 
recording a second copy of the OS in at least one stripe 

across a second different group of multiple storage 

devices of the RAID storage media, the first and second 

copies of the OS being identical. 

21. A computer system having a processor and a system 
memory connected by a system bus, the system memory 
including a nonvolatile system memory which includes code 
that defines a basic input output system (BIOS), the system 
BIOS including a BIOS hardware detection instruction set 
and a BIOS input output (1/0) instruction set, an interface 
adapter also connected to the system bus and which includes 
a nonvolatile option ROM memory, and a plurality of 
independent storage devices organized into a redundant 
array of independent disks (RAID) storage media which is 
connected to the interface adapter, and improvements in 
combination therewith wherein: 

the RAID storage media has the OS recorded therein in a 
RAID configuration on a plurality of at least some of 
the independent storage devices; and 

the option ROM memory has RAID I/O algorithmic 
instructions recorded therein which cause the BIOS 
hardware detect instruction set to read the RAID I/O 
algorithmic instructions from the option RClM memory 
and record the RAID I/O algorithmic instructions in the 
system memory during booting of the OS; and 

the RAID I/O algorithmic instructions execute in con- 
junction with the BIOS I/O instruction set to read the 
OS recorded on the RAID storage media during boot- 
ing of the OS. 

22. A computer system as defined in claim 21 wherein: 
the RAID I/O algorithmic instructions are used in execut- 
ing primary OS I/O operations after booting the OS. 

23. A computer system as defined in claim 21 wherein: 
the RAID storage media has recorded thereon replace- 
ment RAID driver I/O algorithmic instructions; and 

the RAID I/O algorithmic instructions are superceded by 
the replacement RAID driver I/O algorithmic instruc- 
tions which are read from the RAID storage media after 
booting the OS. 

24. A computer system as defined in claim 23 wherein: 
RAID error handling instructions constitute a part the 

replacement RAID driver I/O algorithmic instructions; 
and 

the RAID error handling instructions are executed in 
conjimction with OS I/O operations performed by the 
superseding RAID driver I/O algorithmic instructions. 

25. A computer system as defined in claim 21 wherein: 
two of the storage devices are logically configured in a 

RAID 1 configuration wherein one of the two storage 
devices is recorded with a duplicate of the information 
recorded in the other one of the two storage devices; 
and 

the OS is recorded as a duplicate copy on both of the two 
storage devices in the RAID 1 configuration. 
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26. A computer system as deliQed in claim 21 wherein: 
the plurality of storage devices is configured in a RAID 0 

configuration with at least one stripe for containing 
data; and 

the OS is recorded in at least one stripe of the storage ^ 
devices in the RAID 0 configuration. 

27. A computer system as defined in claim 21 wherein: 
the plurality of storage devices is configured in a RAID 10 

configuration wherein a first group of the storage 
devices is recorded with a duplicate of the information 
recorded in a second group of storage devices, and 
wherein each of the first and second-groups of storage 
devices are recorded with stripes for containing data; 

the OS is recorded in at least one stripe in the first group ^5 
of storage devices; and 

a duplicate copy of the OS is recorded in at least one stripe 
of the second group of storage devices. 

28. A computer system as defined in claim 21 wherein: 
the option ROM memory has recorded therein, in addition 

to the RAID I/O algorithmic instructions, BIOS I/O 
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instruction service code which allows the BIOS I/O 
instruction set to use the RAID I/O algorithmic instruc- 
tions. 

29. A computer system as defined in claim 28 wherein: 
the option ROM memory also has recorded therein hard- 
ware control instructions which allow the RAID I/O 
algorithmic instructions to interact with the interface 
adapter to perform I/O operations to the RAID storage 
media. 

30. A computer system as defined in claim 29 wherein: 
the option ROM memory also has recorded therein ini- 
tialization code which is read from the option ROM 
memory into the system memory, which initializes the 
interface adapter when executed, which validates an 
operative status of the storage devices, and which is 
deleted the system memory after the interface adapter 
has been initialized and the operative status of the 
storage devices has been validated. 
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